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We  are  pleased  to  report  that  the  SCU  team  successfully  developed  a  working  prototype 
for  the  entire  spacecraft  as  per  our  original  proposal  with  the  lone  exception  being  the 
inclusion  of  an  integrated  lens  assembly  -  diffraction  grating  that  was  to  be  used  on  our 
science  camera  for  the  purposes  of  taking  multi-spectral  images  (this  assembly  was  never 
delivered  by  our  partners  at  the  Jet  Propulsion  Laboratory).  Apart  from  this  exception,  the 
ONYX  vehicle  conformed  to  all  IJNP  prototype  specifications,  and  all  required 
functionalities  of  the  integrated  prototype  were  wirelessly  demonstrated.  In  addition  to 
the  science  camera,  payload  demonstrations  included  a  test  bed  to  demonstrate  advance 
anomaly  management  capabilities,  a  distributed  command  and  data  handling  system,  and 
an  educational  thermal  control  experiment.  Furthermore,  the  SCU  team  participated  in  all 
UNP  design  reviews  and  auxiliary  events  in  order  to  take  full  advantage  of  the 
educational  experiences  offered  by  the  UNP.  This  report  does  not  attempt  to  detail  the 
design  of  or  the  processes  used  to  develop  the  ONYX  space  system.  For 
a  technical  program  summary,  a  copy  of  the  Flight  Competition  Review  presentation 
slides  are  presented  here  as  an  attachment.  Additional  programmatic  and  technical 
documentation  has  been  previously  provided  via  FTP  to  the  program  file  server.  In 
addition,  the  references  section  of  this  report  summarizes  additional  papers  and  student 
thesis  documents  that  detail  the  development  and  technical  design  of  the  ONYX  space 
system. 
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Objectives:  Over  the  period  Spring  2005  -  Spring  2007,  students,  staff  and  faculty  from  Santa 
Clara  University’s  (SCU)  Robotic  Systems  Laboratory  participated  in  the  U.S.  Air  Force’s 
University  Nanosateliite  Program  (UN  P-4).  As  part  of  this  program,  this  team  developed  the 
ONYX  (ON -board  autonomy  experiment)  nanosatellite.  The  objective  of  this  project  was  to 
develop  a  nanosateliite  prototype  capable  of  performing  several  technical  demonstrations,  to 
include  a)  characterization  and  use  of  a  novel  snapshot  multispectral  imager  for  coastal 
ecological  monitoring,  b)  on-orbit  demonstration  of  advanced,  automated  anomaly  management 
capabilities,  c)  benefits  of  a  highly  capable  distributed  command  and  data  handling  system,  and 
d)  the  provision  of  an  educational  laboratory  system  demonstrating  fundamental  concepts  in  heat 
transfer  and  control  theory. 


Summary  of  Effort  and  Accomplishments/Results 

We  are  pleased  to  report  that  the  SCU  team  successfully 
developed  a  working  prototype  for  the  entire  spacecraft  as 
per  our  original  proposal  with  the  lone  exception  being  the 
inclusion  of  an  integrated  lens  assembly  -  diffraction  grating 
that  w  as  to  be  used  on  our  science  camera  for  the  purposes  of 
taking  multi-spectra!  images  (this  assembly  was  never 
delivered  by  our  partners  at  the  Jet  Propulsion  Laboratory). 

Apart  from  this  exception,  the  ONYX  vehicle  conformed  to 
all  UNP  prototype  specifications,  and  all  required 
functionalities  of  the  integrated  prototype  were  wirelessly 
demonstrated.  In  addition  to  the  science  camera,  payload 
demonstrations  included  a  testbed  to  demonstrate  advance 
anomaly  management  capabilities,  a  distributed  command 
and  data  handling  system,  and  an  educational  thermal  control 
experiment,  Furthermore,  the  SCU  team  participated  in  ail 
UNP  design  reviews  and  auxiliary  events  in  order  to  take  full 
advantage  of  the  educational  experiences  offered  by  the 
UNP.  This  report  does  not  attempt  to  detail  the  design  of  or 
the  processes  used  to  develop  the  ONYX  space  system.  For 
a  technical  program  summary,  a  copy  of  the  Flight  Competition  Review  presentation  slides  are 
presented  here  as  an  attachment.  Additional  programmatic  and  technical  documentation  has 
been  previously  provided  via  FTP  to  the  program  file  server.  In  addition,  the  references  section 
of  this  report  summarizes  additional  papers  and  student  thesis  documents  that  detail  the 
development  and  technical  design  of  the  ONYX  space  system. 


The  integrated  ONYX  prototype, 
without  solar  panels 


Personnel  Supported 

Funding  for  this  program  directly  supported  a  part-time  technical  staff  member,  Mr.  Bryan 
Palmintier.  In  addition,  the  work  performed  as  part  of  this  program  benefited  the  PI,  Dr, 
Christopher  Kitts,  through  the  research  performed  in  the  process  of  conducting  this  program. 


Publications  (available  in  List  of  Publications  at  http://rsl.engr.scu.edu): 

[1]  F.  Rogers- Marcovitz  and  P.  Williams.  “DEEP:  Dallas  EEProm  Equipment  Profile  for  Rapid 
Integration  and  Automatic  System  Modeling.”  To  appear  in  Proceedings  of  the  AIAA/USU 
Conference  on  Small  Satellite,  Utah,  August  2007. 

[2]  M.  Lim,  J.  Vasicek,  J.  Crabtree,  M.  El-Kassed,  J.  Mendoza,  S.  Moraleda,  W.  Nguyen,  F. 
Parviz,  B.  Asher,  D.  Dennis,  A.  Nanda,  A.  Gulick,  and  J.  Shepard.  The  ON-barod  autonomy 
experiment  (ONYX)  space  system.  Advisor:  C.  Kitts.  SCU  Undergraduate  Thesis,  Departments 
of  Mechanical,  Electrical  and  Computer  Engineering,  June  2006. 

[3]  F.  Rogers-Marcovitz  and  P.  Williams.  “DEEP:  Dallas  EEProm  Equipment  Profile  for  Rapid 
Integration  and  Automatic  System  Modeling.”  Proceedings  of  the  Responsive  Space  5 
Conference,  Los  Angeles  CA,  April  2007. 

[4]  B.  Duda,  L.  Hagiwara,  W.  Le,  B.  Wat,  E.  Eklund,  and  C.  Walker.  Onboard  AutonomY 
Experiment  (ONYX)  Space  System.  Advisor:  C.  Kitts.  SCU  Undergraduate  Thesis, 
Departments  of  Mechanical  and  Electrical  Engineering,  June  2007. 

[5]  R.  Angeles,  P.  Williams,  and  Z.  Zabinski.  ONYX  Nanosatellite  Command  and  Data 
Handling  Systems.  Advisor:  C.  Kitts.  SCU  Undergraduate  Thesis,  Department  of  Computer 
Engineering,  June  2007. 


Interactions/Transitions 

Interactions  that  occurred  as  part  of  this  program  included  the  following: 

■  Participation  in  all  UNP  design  reviews 

■  Participation  in  the  UNP  SHOT  workshop 

■  Participation  in  the  2005  AIAA/Conference  on  Small  Satellites,  Logan,  Utah 

■  Participation  in  the  2006  AIAA/Conference  on  Small  Satellites,  Logan,  Utah 

■  Participation  in  the  2007  Responsive  Space  Conference,  Los  Angeles,  CA 

■  Planned  participation  in  the  2007  AIAA/Conference  on  Small  Satellites,  Logan,  Utah 
(student  paper  on  UNP4  work  to  be  presented) 

■  interaction  with  personnel  from  the  Jet  Propulsion  Laboratory  relevant  to  work  on  the 
multispectral  imager  payload. 

■  Interaction  with  personnel  from  Washington  University  in  St.  Louis  who  adopted  SCU’s 
distributed  command  and  data  handling  system  for  their  UNP4  development  efforts. 

■  Interaction  with  personnel  from  the  University  of  Texas,  Austin  who  adopted  SCU’s 
distributed  command  and  data  handling  system  for  their  UNP3  spacecraft,  which  is  in  the 
process  of  being  prepared  for  future  flight. 

■  Interaction  with  personnel  from  NASA  Ames  Research  Center’s  new  Small  Spacecraft 
Office  regarding  our  nanosatellite  development  work,  our  operations  systems,  etc. 

■  interaction  with  local  high  school  educators  relevant  to  the  thermal  control  chamber 
payload  that  was  developed  for  the  spacecraft. 


New  discoveries,  inventions,  or  patent  disclosures 

None  resulting  from  this  funding  program.  However,  an  intellectual  property  disclosure  is  being 
planned  for  an  advanced  form  of  the  distributed  command  and  data  handling  technology  that  was 
demonstrated  in  part  on  this  program. 


Honors/Awards 

■  Student  Phelps  Williams  won  a  student  scholarship  award  to  support  presentation  of  a 
student  paper  at  the  2007  Responsive  Space  5  Conference. 

■  Two  ONYX  Project  students  received  Technical  Excellence  Awards  from  the  SCU 
Department  of  Computer  Engineering  for  their  work  on  the  ONYX  computer  system. 

■  Project  students  on  the  2007  ONYX  Mechanical  Engineering  team  won  Best  of  Session 
honors  in  SCU’s  annual  Senior  Design  Conference. 

■  Project  students  on  the  2006  ONYX  Mechanical  Engineering  team  won  Best  of  Session 
honors  in  SCU’s  annual  Senior  Design  Conference. 

■  Project  students  on  the  2006  ONYX  Electrical  Engineering  team  won  Best  of  Session 
honors  in  SCU’s  annual  Senior  Design  Conference. 


University  and  Program  Impact 

The  following  are  responses  to  the  impact  questions  that  each  PI  has  been  asked  to  address 
regarding  the  effect  that  participation  in  the  UNP  program  has  had  on  the  host  institution. 

1 )  How  many  years  has  your  Department  or  Research  Program  been  participating  in  the 
University  Nanosatellite  Program?  We  have  participated  in  NS-1  (Emerald,  in  cooperation  with 
Stanford),  NS-3  (we  were  not  a  primary  school,  but  we  teamed  with  UT  Austin  and  Washington 
Univ  in  St.  Louis  and  provided  both  schools  with  their  distributed  computing  /  flight  processing 
subsystems),  and  NS-4  (ONYX,  plus  we  again  provided  distributed  computing  avionics  to 
Washington  Univ). 

2)  What  impact  has  this  participation  had  on  the  following  factors?  Please  provide  any 
illustrative  information  to  support  these  conclusions  if  possible.  Overall  -  our  participation  in 
UNP  has  been  a  significant  element  in  my  lab's  "portfolio"  of  hands-on,  interdisciplinary  projects 
(my  lab’s  web  site  is  at  http://rsl.engr.scu.edu).  We  have  a  field  robotics  program  in  which  our 
students  develop  and  operate  underwater  robots,  land  rovers,  U  A  Vs,  and  spacecraft.  With 
respect  to  spacecraft,  we  are  involved  with  projects  ranging  from  100%  student  built  projects 
(like  our  UNP  work)  to  project  in  which  we  are  full-fledged  team  partners  with  NASA  and 
industry  (such  as  our  work  with  GeneSat-1,  PharmaSat,  etc....  Class  D  NASA  missions).  The 
UNP  projects  have  served  as  a  wonderful  experience  for  our  undergraduates  -  typically  through 
year-long  senior  design  projects  -  and  these  students  often  wind  up  getting  jobs  in  the  local 
aerospace  industry  (Lockheed,  NASA  Ames,  etc.)  or  go  to  grad  school  (many  often  stay  at  SCU 


for  grad  school,  and  most  of  our  grad  students  working  on  more  sophisticated  spacecraft  projects 
started  on  a  UNP  project). 

a.  Your  personal  research  program  as  a  professor  (e.g.,  good,  productive  use  of  your  time  and 
resources,  building  momentum,  helping  or  hindering  the  furthering  of  your  research  agenda?)  I 
have  been  able  to  leverage  my  research  with  these  projects  by  incorporating  advanced 
technology  demonstrations  into  the  missions.  I  think  this  is  a  critical  element  for  long-term 
success  given  that  I  am  a  tenure-track  faculty  member. 

b.  The  Department  in  general  (e.g.,  correlation  with  enrollment,  acquiring  new  labs,  equipment, 
or  facilities,  etc.  etc.)  Although  I  would  hesitate  to  chalk  results  up  as  a  direct  result  of  UNP,  our 
overall  work  with  hands-on  spacecraft  projects  (again,  ranging  from  UNP  to  Class  D  NASA 
projects)  has  established  our  regional  reputation  in  this  area.  This  has  led  to  a  new,  substantial 
partnership  with  Lockheed  in  which  we  are  now  teaching  a  graduate  sequence  of  courses  on 
space  systems  -  in  Spring  2007,  this  class  had  a  grad  enrollment  over  50.  which  made  it  the  most 
popular  graduate  class  in  the  entire  School/University!  Partnerships  like  this  (with  Lockheed, 
with  NASA,  with  CSA,  etc.)  have  led  to  a  substantial  increase  in  our  research  funding  as  well. 

c.  School  or  University  at  Large  (e.g.,  initiating  a  new  department,  closing  one  down  -  although 
I  hope  not!)  See  above. 

d.  The  students  who  have  worked  on  the  program  (any  information  you  are  aware  of  on  positive 
or  negative  impacts  the  program  had  on  students  would  be  helpful)  MANY  of  my  graduating 
undergrad  students  wind  up  going  to  work  in  the  aerospace  industry  (Lockheed,  NASA,  Boeing, 
etc.),  going  to  graduate  school  (SCU,  Stanford,  Cornell,  etc.),  or  wind  up  as  engineers  in  non- 
aerospace  high  tech  industries  such  as  IT.  Furthermore,  we  have  a  substantial  part-time  graduate 
student  program  in  which  these  students  are  full-time  engineers  in  the  local  aerospace  industry.  I 
could  rattle  off  a  list  of  students  who  have  declared  themselves  that  they  have  pursued  careers  in 
aerospace  as  a  direct  result  of  their  experience  with  our  hands-on  spacecraft  projects.  Although 
it  may  not  be  of  primary  interest,  1  should  also  point  out  that  we  have  a  similar  percentage  of 
students  who  work  on  non-space-related  robotics  projects  (like  our  UAVs,  rovers,  marine  robots, 
etc.)  and  who  wind  up  pursuing  aerospace  careers;  these  projects  have  similar  educational 
elements  in  the  sense  that  they  are  real-world,  hands-on,  interdiscpl inary,  mission-oriented,  etc. 
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Robotic  Systems  Laboratory 


ONYX  Mission  Statement: 


During  a  45  day  nominal  on  ortot  mission,  the  ONYX  space  system 
will  operationally  vahdate  advanced  distributed  space  system 
ctevebpment  and  autonomous  control  techniques  white  conducting  an 
Ealh  observing  rmssjen  and  providing  educational  services  for 
university  and  K-12  students 


Anomaly  Management: 
Model  Based  Reasoning 


Rapid  Integration  &  Standardization: 
distributed  Command  &  Data  Handling 
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Design  Overview: 


System  Analyses 
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Operational  Capabilities 


On-orbit  Operational  Phases 
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Stress  Analysis:  Model  Verification 


*  Clamped  plate:  420  *  420  mm 

*  Assumed  1  hickness:  3175mm 

*  Evenly  distributed  load:  7  kg  ’  Mg’s 

*  Max  Displacement:  143mm 

*  Max  Stress:  41.1  MPa 
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